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SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX NOTIFICATION

L GRAS Exemption Claim

I-A.  Claim of Exemption from the Requirement for Premarket Approval Pursuant to
Proposed 21 CFR §170.36{c){1) [62 FR 18938 (17 April 1997}]

The soy lecithin phosphatidylserine complex, which is derived through an enzymatic process
using phosphoiipase D from cabbage, as defined in the report in Appendix | entitied, “EXPERT
PANEL REPORT CONCERNING THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS
OF SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX FOR USE IN FOODS”, dated

November, 2005 (N ERNESEEER. .25 bcen
determined to be Generally Recognized as Safe (GRAS), consistent with Section 201(s) of the

_Federal Food, Drug, and Cosmetic Act. This determination is based on scientific procedures as

described in the following sections, under the conditions of its intended use in food, among
experts qualified by scientific training and expertise. Therefore, the use of the soy lecithin
phosphatidylserine complex in food as described below is exempt from the requirement of

premarket approval.

Signed,

DEC-@5-2865 12:08 Sidley

David Riterberg———— Date

General Manager
Lipogen Products (9000) Lid.

1-B. Name and Address of Notifier

David Rutenberg

General Manager

Lipogen Products (9000) Ltd.
60 Harofeh Street

P.O. Box 7687

Haifa

Israel, 31076

I-<C. Common Name of the Notified Substance

Soy lecithin phosphatidylserine complex; soy lecithin PS complex

BEST ORIGINAL COPY
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SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX NOTIFICATION

I-D. Conditions of Intended Use in Food

Lipogen, Ltd. intends to market the soy lecithin phosphatidylserine complex as a food ingredient
to provide a dietary source of phosphatidyiserine. The individual proposed food-uses and use-
ievels for the complex are summarized in Table 1.

Table 1 Summary of the Individual Proposed Food-Uses and Use-Levels for Soy
Lecithin Phosphatidylserine Complex in the United States
'Food Category Proposed Food-Use Soy Lecithin Soy Lecithin
Phosphatidylserine Phosphatidylserine
Complex/Serving Size Complex
Use-Level (%)
nged Goods and Baking Breads and Rolls 50 mg/100 gto 25 mg/30 g 0.05t0 0.083
Mixes Biscuits 25mg/30g 0.083
Crackers 25mg/30g 0.083
Waffles 50 mg/100 g 0.050
Beverages and Beverage Carbonated Beverages 100 mg/200 mL 0 050
Bases Meal Replacements (liquid) 100 mg/200 mL 0.050
Breakfast Cereals Ready-to-Eat Breakfast Cereals 25mg/30 g 0.083
Cheese Cheese 25mg/10g 0.250
‘ Cheese Spreads 25mg/10 g 0.250
Coffee and Tea Coffee 100 mg/200 mL 0.050
Tea 100 mg/200 mL 0.050
Condiments and Relishes Ketchup 25mg/5g 0.500
Dairy Product Analogs Soy-Based Milk 100 mg/200 mL 0.050
Fats and Qils Margarine 25mg/M0g 0.250
Mayonnaise and Mayonnaise-Type 25mg/5g 0.500
Dressing
Fat-Based Spreads 25 mg/10g 0.250
Grain Products and Pastas Pasta 50 mg/100 g 0.050
Grain-Based Bars 50 mg/100 g 0.050
Jams and Jellies Commercial Jams 25mg/10 g 0.250
Milk Milk 100 mg/200 mL 0.050
Milk Products Milk Drinks 100 mg/200 mL 0.050
. Yogurt 100 mg/200 mL 0.050
Nut and Nut products Peanut Spreads 25mg/10g 0.250
Plant Protein Products Tofu 25mg/10g 0.250
Soy-Based Meat Substitutes 100 mg/200 g 0.050

NY15791570v.1
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SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX NOTIFICATION

Table 1 Summary of the Individual Proposed Food-Uses and Use-Levels for Soy
Lecithin Phosphatidylserine Complex in the United States
'Food Category Proposed Food-Use Soy Lecithin Soy Lecithin
Phosphatidylserine Phosphatidylserine
Complex/Serving Size Complex
Use-Level (%)

Processed Fruits and Fruit Fruit Juices 100 mg/200 mL 0.050

Juices

‘Snack Foods Salty Snacks 100 mg/200 g 0.050

Soft Candy Chocolates 100 mg/200 g 0.050

The soy lecithin phosphatidylserine complex is a mixture of naturally occurring soy lecithin
phospholipids enriched via enzymatic modification in phosphatidylserine. Phosphatidylserine is
an essential structural component of plant and animal cell membranes and is a naturally
occurring constituent of the human diet. Apart from bovine brain, which has the highest levels of
phosphatidyiserine, fish, specifically mackerel, herring and eel, as well as white beans also are
rich sources of naturally occurring phosphatidylserine (Souci et al., 2000). Phosphatidylserine
also is secreted in human breast milk, and thus it is thought to function in the development of a
newborn’s brain (Harzer et al.,, 1983). Based on unpublished sources, the daily intake of
phosphatidylserine from a typically varied Western diet is estimated to be approximately 130
mg/day; however, a diet rich in meat and/or fish can provide up to 180 mg of
phosphatidylserine/day. Daily intake of phosphatidylserine from 200 g of bovine skeletal muscle
alone is calculated to provide 80 mg phosphatidylserine/day (0.1 mmol phosphatidylserine/day)
(Bruni et al., 1992).

The consumption of soy lecithin phosphatidylserine complex from all proposed food-uses was
estimated using the USDA 1994-1996 Continuing Survey of Food Intakes by Individuals (USDA
CSFIll 1994-1996) and the 1998 Supplemental Children’s Survey (USDA CSFIlI 1998) (USDA,
2000). Depending on the particular food category, the complex is proposed for use as a food
ingredient at levels providing between 0.05 to 0.5%. The estimated daily consumption of the
complex from all proposed food-uses at the proposed use-levels per serving was calculated on a
g and mg per kilogram body weight basis by population group.

On an all-user basis, the mean and 90" percentile intakes of the soy lecithin phosphatidyiserine
complex by the total U.S. population from all proposed food-uses were estimated to be 0.71
g/person/day (12.8 mg/kg body weight/day) and 1.19 g/person/day (23.5 mg/kg body weight/day),
respectively. Based on the composition of the complex of approximately 20% -
phosphatidylserine, these estimates result in mean and heavy consumer intakes of approximately
140 mg/person/day (2.6 mg/kg body weight/day) and 240 mg/person/day (4.7 mg/kg body
weight/day). On an absolute basis, male teenagers were identified to have the highest man and
90™ percentile all-user intakes of the complex (0.87 and 1.44 and g/person/day, respectively),
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'SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX NOTIFICATION

while infants were estimated to have the greatest mean and 90" percentile all-user intakes of the
complex on a body weight basis (31.4 and 55.3 mg/kg body weight/day, respectively).

I-E.  Basis for the GRAS Determination

Pursuant to 21 CFR § 170.30, the soy lecithin phosphatidylserine complex has been determined
to be GRAS on the basis of scientific procedures (see Appendix | entitled, “EXPERT PANEL
REPORT CONCERNING THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS OF
SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX FOR USE IN FOODS”.

I-F. Availability of Information

The data and information that serve as the basis for this GRAS Notification will be sent to the
U.S. Food and Drug Administration (FDA) upon request, or will be available for review and
copying at reasonable times at the offices of:

Diane McEnroe

Sidley Austin Brown & Wood LLP
787 Seventh Avenue

New York, New York 10019

Should the FDA have any questions or additional information requests regarding this notification,
Sidley Austin Brown & Wood will supply these data and information.

L Detailed Information About the Identity of the Substance

lI-A. Identity

Lipogen's soy lecithin phosphatidylserine complex is characterized by a phosphatidylserine
composition of approximately 20%. Additionally, the soy iecithin-derived complex consists of
several other phospholipids and glycerides indigenous to soy lecithin, an ingredient considered
GRAS by the FDA. The soy lecithin phosphatidylserine complex formulations (powder and liquid)
are composed of the ingredients listed in Table 2.

000007
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SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX NOTIFICATION

‘Table 2 Ingredient Composition of the Powder and Liquid Soy Lecithin
Phosphatidylserine Complexes

Ingredient Powder Liquid FDA Regulatory Status

Phosphatidylserine and Not less than 18% Not less than 19% GRAS status to be

lysophosphatidylserine determined

Other phospholipids1 and glycerides Not more than 81% Not more than 63% Soy lecithin is GRAS (21

occurring naturally in soy lecithin CFR §184.1400)

Vitamin C Not more than 2% Not more than 1% GRAS (21 CFR §182.3013,
§182.8013)

‘Silicone dioxide Not more than 1% N/A GRAS (21 CFR §172.480)

Soy oil N/A Not more than 19% GRAS

N/A = Not applicable
* Including phosphatidic acid (PA), phosphatidylcholine (PC), phosphatidylethanolamine (PE), and phosphatidylinositol

(P1) and lyso-phospholipids.

Phospholipids are fat derivatives consisting of 2 fatty acids attached to a glycerol molecule to
form phosphatidic acid. Depending on the formulation type (liquid or powder), fatty acids
constitute between approximately 60 and 70% of the final Lipogen powder and liquid soy lecithin
phosphatidylserine products. At least 50% of the total fatty acid composition of the soy lecithin
phosphatidylserine complexes is characterized by the polyunsaturated fatty acid, linoleic acid. a-
Linolenic acid, oleic acid, stearic acid, and palmitic acid comprise the remainder of the fatty acids
of the soy lecithin phosphatidylserine complexes. The fatty acid composition of the soy lecithin
phosphatidylserine complex is essentially identical to that of the soy lecithin raw material.
Consequently, while soy lecithin-derived phosphatidylserine is characterized by a high
polyunsaturated fatty acid content [i.e., linoleic acid (w-6; 18:2) and a-linolenic acid (w-3; 18:3)],
phosphatidylserine derived from mammalian brain consists mainly of saturated [e.g., stearic acid
(18:0)] and monounsaturated [e.g., oleic acid (18:1)] fatty acids, as well as smaller amounts of
long-chain polyunsaturated fatty acids, particularly docosahexaenoic acid (DHA) (w-3; 22:6) and
arachidonic acid (w-6; 20:4) (Baer and Maurukas, 1955; Salem et al., 1980; Blokland et a/., 1999;
PDRNS, 2001; Mozzi et al., 2003). The fatty acid composition of phosphatidylserine is a
distinguishing factor between phosphatidylserine derived from soy lecithin or extracted from
bovine brain (PDRNS, 2001; Mozzi et al., 2003). Otherwise, phosphatidylserine obtained from
either source is identical.

Phosphatidylserine and phosphatidylethanolamine are considered to be the main phospholipids
of the brain (PDRNS, 2001). Endogenous production of phosphatidylserine occurs via direct
conjugation of phosphatidic acid with serine or alternatively replacement of the ethanolamine
moiety of phosphatidylethanolamine with serine. The structural formula and chemical properties
of phosphatidylserine, as well as physical characteristics of the complexes are presented below.
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Structure:
Phosphatidic Acid
| 0 |
\J\/ (ID- \/l\
[[Faty Acia ]\, .0 o}.0
© ¢TIyl \h’ COOH
I :
| | ]

Glycerophosphate Serine

Synonyms: 1,2-Diacyl-snglycerol-(3)-L-phosphoserine (also commonly abbreviated to
Ptd Ser, Acyl, Gro Pser, and PS).

CAS Number: [84776-79-4]

Empirical Formula: Variable, depending on the composition of fatty acids.
Molecular Weight: Same as above.

Appearance: The soy lecithin phosphatidylserine complex is formulated into either a yellow-
brown, fine granular powder or a brown liquid.
Solubility: Both formulations are highly soluble in ether.

iI-B. Method of Manufacture

In the past, phosphatidylserine was predominantly obtained from bovine brain extract; however,
due to the potential for transmission of bovine prion infections (e.g., spongiform encephalopathy),
soy-derived phosphatidylserine has increasingly become another major source of commercially
available phosphatidylserine for use by humans (Thorne Research inc., 1999, PDRNS, 2001).
The phosphatidylserine complex manufactured by Lipogen is derived from soy lecithin, and
consists of serine-substituted soy lecithin phospholipids and other phospholipids occurring
naturally in lecithin. With minor modification, production of Lipogen’s soy lecithin
phosphatidylserine complex follows that outlined in Ebil and Kovatchev (1981) and essentially
involves the enzymatic transphosphatidylation of phosphatidylcholine and
phosphatidylethanolamine from soy lecithin via cabbage-derived phospholipase D in the
presence of exogenous serine to phosphatidylserine. Production of the phosphatidylserine-
enriched complex proceeds without the use of any solvents at any stage during the
manufacturing process, and thus the final soy lecithin phosphatidylserine complex is solvent-free.
The product is manufactured in accordance with good manufacturing practice (GMP) and all raw
materials involved in the manufacturing process are appropriate for food use. A schematic
overview of the manufacturing process of the soy lecithin phosphatidylserine is provided in Figure
1. It should be noted that for the liquid product a higher yield of phosphatidylserine is produced
prior to adding the soy oil so that the final liquid product also contains 19% phosphatidylserine.
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SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX NOTIFICATION

Figure 1 Schematic Overview of thé Manufacturing Process for Soy Lecithin

Phosphatidylserine Complex

Soy Lecithin

Aqueous solution of
L-serine & cabbage phospholipase D

«———1 Salts & Buffers

Soy Lecithin Phosphatidylserine Complex

b

i Purification Process |

Final Liquid or Powder Product

i-C. Specifications for Food Grade Material

The chemical, physical, and microbiological specifications for the soy lecithin phosphatidylserine
complex are presented in Table 3. Analysis of nonconsecutive representative lots demonstrated
compliance with final product chemical, physical and microbiological specifications, and stability

under recommended storage conditions.

NY1 5791570v.1
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SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX NOTIFICATION

Table 3 Physical and Chemical Specifications for Soy Lecithin Phosphatidylserine
! Complexes
Specification Parameter Specification
Powder Liquid1
Appearance Yellow-brown, fine granular powder | Brown liquid
Soiubility Dissolved in ether, solution is clear | Dissolved in ether, solution is clear
identification (HPTLC separation of Passes Passes
phospholipids)
{| Viscosity N/A Not more than 5,000 cps (at 30°C)

Phosphatidylserine and
lysophosphatidylserine (HPTLC)

Not less than 19%>

Not less than 19%3

Other phospholipids3 and glycerides

Not more than 81%

Not more than 63%

Qoss on Drying

Not more than 5%

Not more than 1%

It Lead

<1 ppm

<1 ppm

‘ Microbiological Specifications

' Total plate count

Not more than 1,000 CFU

Not more than 1,000 CFU

Yeast Not more than 100 CFU Not more than 100 CFU

Mould Not more than 100 CFU Not more than 100 CFU
' Fecal Streptococci Less than 10 Less than 10

Coliforms Less than 10 Less than 10
|l Fecal Coliforms Absent Absent

Escherichia coli Absent Absent

Staphylococcus aureus Absent Absent

Salmonella Absent Absent

N/A = Not applicable; CFU = Colony forming unit;

! Product diluted with soy oil in amounts of 35 kg per 185 kg batch (19%).
2 jysoPhosphatidylserine comprises not mare than 5%.

¥ Including phosphatidic acid (PA), phosphatidyicholine (PC), phosphatidylethanolamine (PE), and
phosphatidylinositol (Pl) and /yso-phospholipids.

HI. Basis for GRAS Determination

Pursuant to 21 CFR §170.30, the soy lecithin phosphatidylserine complex intended for use by
Lipogen Inc., as defined in Appendix |, has been determined to be GRAS on the basis of

scientific procedures. This determination is based on the views of experts who are qualified by
scientific training and experience to evaluate the safety of the complex as a component of food.
The safety of the soy lecithin phosphatidylserine complex is supported by an extensive number
of published studies on this and similar complexes as well as on phosphatidylserine itself. Data
pertaining to safety including metabolic studies, in vitro and in vivo mutagenicity/genotoxicity
studies, acute, subchronic and chronic toxicity studies, and reproductive and developmental
toxicity studies performed in various experimental animals, as well as numerous human clinical
trials, which were primarily designed to investigate the potential for a beneficial association
between an increased intake in phosphatidyiserine and improvement in cognitive function in

000011 8
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elderly subjects. This determination is further supported by an Expert Panel evaluation of the

“safety of the soy lecithin phosphatidylserine complex (see Appendix | entitled, “EXPERT PANEL

REPORT CONCERNING THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS OF
SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX FOR USE IN FOODS”).

The assessment of the safety of the soy lecithin phosphatidylserine complex included an
extensive review of the metabolic fate of phosphatidylserine following oral consumption. Prior to
absorption, phosphatidylserine has been demonstrated to be subject to phospholipase A,-
mediated hydrolysis to form /ysophosphatidylserine. In the intestinal absorptive cells, the
monoacyl derivatives may be reacylated to phosphatidylserine with different fatty acids, and
subsequently the serine moiety decarboxylated in exchange for ethanolamine to form
phosphatidylethanolamine. Absorbed phospholipids are incorporated into lipoproteins and
released into the circulation. Furthermore, the safety of the soy lecithin phosphatidylserine
complex was assessed following review of a series of short- and long-term animal toxicity studies
and in vitro and in vivo mutagenicity/genotoxicity assays conducted by Heywood et al., (1987).
Although the phosphatidylserine test material used in these studies was obtained from bovine
brain tissue, as previously noted differences in phosphatidylserine from the two sources are
limited only to the fatty acids composition. While brain-derived phospholipids are characterized
by the presence of DHA, phospholipids from soy will contain larger proportions of linoleic acid
and a-linolenic acid. Both linoleic acid and a-linolenic acid are essential fatty acids, with a-
linolenic acid being a precursor of DHA. Moreover, the fatty acid composition of differently
sourced phospholipids is not firmly set, but is rather a distribution of fatty acids, with some
occurring in greater amounts than others depending on the source. As such there is an overlap
in the fatty acids profile of phosphatidyiserine extracted from soy and bovine brain. Prior to
absorption, phosphatidylserine is subjected to enzymatic activity, which results in the cleavage of
the fatty acids. The resulting /yso metabolites, as well as free fatty acids are expected to be
similarly processed by the body. Ultimately, reacylated phosphatidylserine may be converted to
phosphatidylethanolamine, which is considered to be the predominant phospholipid of
mammalian cells. However, the reattached acyl group may not necessarily be the same fatty
acid as that which was initially cleaved off. Such remodeling of the acyl groups as a result of
phospholipase A;, as well as phospholipase A, activity, continues to occur as the phospholids
circulate following absorption as part of chylomicrons. Therefore, the fatty acid makeup of the
absorbed phosphatidylserine may be considerably changed from that of the administered
phosphatidylserine and will largely depend on the fatty acids available in the specific tissues in
which the conversion is taking place. As such, the differences in the fatty acid profile of
exogenously administered phosphatidylserine are not expected to affect the safety of
phosphatidylserine following oral consumption.

With respect to the overall safety of the soy lecithin phosphatidylserine complex, it should be
emphasized that the raw material soy lecithin has been affirmed as GRAS by the FDA.
Accordingly, with the exception of the phosphatidylserine component of the complex and more
specifically the serine since the phosphatidic acid backbone is that of the phospholipids present

NY1 §791570v.1 | 0 0 00 1 2



SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX NOTIFICATION

in the soy lecithin raw material, the remaining constituents of the complex are common to the
composition of the raw material. Nonetheless, a number of human clinical efficacy and safety
trials were identified, which were performed with soy lecithin phosphatidyiserine complexes,
including several published and unpublished trials with Lipogen’s product. Additionally, human
data indicating no adverse effects following consumption of bovine-brain-derived
phosphatidylserine in a number of efficacy trials further support the safety of the
phosphatidylserine complex. The washing steps of the manufacturing process ensure that the
final product does not contain any detectable levels of residual serine and is free of the cabbage
juice extract, which is used as the source of phospholipase D.

Evaluation by the Expert Panel of the scientific evidence pertaining to the safety of the soy
lecithin phosphatidylserine complex under the intended conditions of use in foods resuited in the
cconclusion that the complex, “meeting appropriate food grade specifications, is Generally
Recognized as Safe (GRAS) based on scientific procedures under the intended conditions of use
specified herein” (see Appendix I).
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EXPERT PANEL REPORT CONCERNING THE GENERALLY RECOGNIZED AS
SAFE (GRAS) STATUS OF SOY LECITHIN PHOSPHATIDYLSERINE COMPLEX
FOR USE IN FOODS

November, 2005
INTRODUCTION

At the request of Lipogen Products (9000) Ltd. (hereafter Lipogen), an Expert Panel (the
“Panel”) of independent scientists, qualified by their relevant national and international
experience and scientific training, was specially convened on June 03, 2005 to conduct a critical
and comprehensive evaluation of the available pertinent data and information, and determine
whether, under the conditions of intended use as a food ingredient, soy lecithin
phosphatidylserine complex in both powder and liquid formulations would be Generally

'Recognized as Safe (GRAS), based on scientific procedures. The data were revisited again in

November 2005, prior to FDA notification. The Panel consisted of the below-signed qualified

scientific experts: John Doull, Ph.D., M.D. (University of Kansas Medical Center), Earle R.

Nestmann, Ph.D. (CANTOX Health Sciences International), and Gary M. Williams, M.D. (New
York Medical College). Curricula vitae evidencing the Panel members’ qualifications for
evaluating the safety of food ingredients are provided in Attachment 1.

The Panel, independently and collectively, critically examined a comprehensive package of
publicly available scientific information and data compiled from the literature and other published
sources through September 2005. In addition, the Panel evaluated other information deemed
appropriate or necessary, including data and information provided by Lipogen. The data
evaluated by the Panel included information pertaining to the method of manufacture and

-product specifications, analytical data, intended use levels in specified food products,

consumption estimates for all intended uses, and comprehensive literature on the safety of soy
lecithin phosphatidylserine complex.

-Following independent, critical evaluation of such data and information, the Panel unanimously

concluded that under the conditions of intended use in traditional foods described herein,
Lipogen’s soy lecithin phosphatidylserine complex, meeting appropriate food-grade
specifications, and manufactured and used in accordance with current good manufacturing
practices (GMPs), is GRAS based on scientific procedures. A summary of the basis for the
Panel's conclusion, excluding confidential data and information, is provided below.

COMPOSITION AND FORMULATION

Commercial phosphatidylserine has been historically obtained from two sources, namely (1)
bovine brain extract or, (2) via enzymatic conversion of other phospholipids, including
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phosphatidyicholine or phosphatidylethanolamine. Given current concerns over bovine
spongiform encephalitis, bovine derived phosphatidylserine has become less desirable. The

. phosphatidylserine comprising the phosphatidylserine complex manufactured by Lipogen is

derived via serine-substitution of other phospholipids present in soy lecithin.

Lipogen’s soy lecithin phosphatidylserine powder and liquid complexes contain several other
phospholipids in addition to phosphatidylserine. These phospholipids occur naturally in soy
lecithin, an ingredient considered by the U.S. Food and Drug Administration (FDA) to be GRAS.
The soy lecithin phosphatidylserine complex formulations (powder and liquid) are composed of
the ingredients listed in Table 1.

Table 1 Ingredient Composition of the Powder and Liquid Soy Lecithin
Phosphatidylserine Complexes

Ingredient Powder Liquid FDA Regulatory Status

‘ :Phosphatidyls,erine and Not less than 19% Not less than 19% Determined to be GRAS by
lysophosphatidylserine Lipogen

- Other phospholipids' and glycerides Not more than 81% | Not more than 63% Soy lecithin is GRAS (21

. occurring naturally in soy lecithin CFR §184.1400)

| Vitamin C Not more than 2% Not more than 1% GRAS (21 CFR §182.3013,

a | §182.8013)
1 silicone dioxide Not more than 1% N/A FDA approved direct food

additive (21 CFR §172.480)

Soy ail N/A Not more than 19% History of use

N/A = Not applicable
! Including phosphatidic acid (PA), phosphatidylcholine (PC), phosphatidylethanolamine (PE), and
phosphatidylinositol (P1) and lyso-phospholipids.

1t should be noted that for the liquid product a higher yield of phosphatidylserine is obtained
prior to adding the soy oil so that the final liquid product also contains 19% phosphatidyiserine.

Phosphatidylserine consists of a glycerophosphate skeleton conjugated on one end with 2 fatty
acids to form a phosphatidic acid backbone, and the amino acid L-serine, on the other end via a
phosphodiester linkage (PDRNS, 2001). In total, fatty acids constitute approximately 76 and
62% of the final powder and liquid products, respectively. The polyunsaturated fatty acid,
linoleic acid (i.e., 9,12-octadecadienoic acid), comprises at least 50% of the total fatty acid

, éomposition of the soy lecithin phosphatidylserine powder and liquid complexes. Other fatty

acids, including a-linolenic acid, oleic acid, stearic acid, and palmitic acid are found in smaller
amounts. In comparison, mainly saturated and monounsaturated fatty acids, as well as the
long-chain polyunsaturated fatty acid docosahexaenoic acid (DHA), constitute the fatty acid
component of the phosphatidylserine derived from the bovine brain. Nevertheless, prior to

‘absorption, both the phosphatidylserine from bovine or soy-derived sources would be cleaved

from the fatty acid and be processed similarly by the body and consequently, no biological
differences would be expected.
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MANUFACTURING AND SPECIFICATIONS

Production of Lipogen's soy lecithin phosphatidylserine complex involves the enzymatic
transphosphatidylation of phosphatidylcholine and phosphatidylethanolamine from soy lecithin
- via cabbage-derived phospholipase D in the presence of exogenous serine to
phosphatidylserine. Phospholipase D [EC 3.1.4.4] is obtained via a water-based extraction from
cabbage, which given its history of use is GRAS. Phospholipase D is a constituent of cabbage
and therefore the enzyme is not expected to be a safety concern when used in the manufacture
of phosphatidylserine from soy-derived phosphatidylcholine. Moreover, following the enzymatic
conversion of phosphatidylcholine to phosphatidylserine, the reaction is terminated by bringing
the reaction mixture to a temperature of 70°C. This temperature inactivates the enzyme, which
is expected to denature as a result of the increasing temperatures. Any residue is removed as a

‘result of the washing procedure.

All raw materials used in the manufacture of the phosphatidylserine complex (liquid or powder)
are food grade as per the specifications presented in the Food Chemicails Codex (FCC). The
product is manufactured in accordance with GMPs and does not involve use of any chemical
solvents. Specifications for the soy lecithin phosphatidylserine complexes are presented in
.Table 2. Analyses of representative, non-consecutive lots of both the powder and liquid
‘formulations consistently demonstrated compliance with final product specifications. It is
expected that any residues (e.g., serine) remaining in the complex following the enzymatic
conversion are removed during the washing-processing step. In fact, analysis of the final
product confirmed absence of serine at levels of detection. The formulation aids, silicone
.dioxide and vitamin C, are added to the final products at levels consistent with those permitted
for use in food by the U.S. FDA (CFR, 2005). Additionally, analysis also was performed to
ensure that the final products are free of pesticide contamination. In an assessment of product
stability, conformity with product specifications was demonstrated following a 2-year storage

period.
'Table 2 Product Specifications for Soy Lecithin Phosphatidylserine Complex
Specification Parameter Specification
Powder Liquid’
jAppearan"ce Yellow-brown, fine granular Brown liquid
powder
‘Solubility Dissolved in ether, solution is | Dissolved in ether, solution is
3 clear clear
‘Identification (HPTLC separation of phospholipids) Passes Passes
Viscosity N/A Not more than 5,000 cps (at
30°C)

I Phosphatidyiserine and lysophosphatidylserine

' (HPTLC)

Not less than 19%?2

Not less than 19%?

Other phospholipids® and glycerides

Not more than 81%

Not more than 63%
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Table 2 Product Specifications for Soy Lecithin Phosphatidylserine Complex
Specification Parameter Specification
Powder Liquid'
1 :Loss on Drying Not more than 5% Not more than 1%
Lead <1ppm <1 ppm

Microbiological Specifications

Total plate count

Not more than 1,000 CFU

Not more than 1,000 CFU

el ol I T R P ol

Yeast Not more than 100 CFU Not more than 100 CFU
Mould Not more than 100 CFU Not more than 100 CFU
- Fecai Streptococci ’ "Less than 10 Less than 10

Coliforms Less than 10 Less than 10

| Fecal Coliforms Absent Absent

‘Escherichia coli Absent Absent
‘Staphylococcus aureus Absent Absent

Salmonella Absent Absent

N/A = Not applicable; HPTLC = High performance thin layer chromatography.

! Product diluted with soy ail in amounts of 35 kg per 185 kg batch (19%).

;2 lysoPhosphatidylserine comprises not more than 5%.

3 Including phosphatidic acid (PA), phosphatidyicholine (PC), phosphatidylethanolamine (PE), and
phosphatidylinositol (P1) and lyso-phospholipids.

INTENDED USE AND ESTIMATED EXPOSURE

Phosphatidylserine is a necessary structural component of plant and animal cell membranes
and is a constituent of the human diet occurring in foods such as soy products, eggs, and
meats. In addition to bovine brain, which has the highest levels of phosphatidylserine, fish,
particularly mackerel, herring, and eel, have been identified as primary sources of naturally
occurring dietary phosphatidylserine (i.e., 335 to 480 mg phosphatidylserine/100 g food) (Souci
et al., 2000). White beans also are a rich dietary source of phosphatidylserine. Based on the
consumption of 200 g of bovine skeletal muscle per day, a daily intake level of
phosphatidylserine from the diet is estimated at approximately 80 mg (0.1 mmol
phosphatidylserine/day) (Bruni et al., 1992). Phosphatidylserine is also present in human breast
'milk and is thought to function in the development of the newborn’s brain (Harzer et al., 1983).

Presently, enzyme-modified soy lecithin using phospholipase D is not added to food in the
United States; however, unmodified soy lecithin, as well as phospholipase A;- or pancreatin-
'modified lecithin, is considered GRAS in the United States and is approved for use in food with

- no limits other than current good manufacturing practice (CFR, 2005). It is also worth noting
that soy lecithin phosphatidylserine complexes have been marketed in the U.S. since 1995 as
dietary supplements under the Dietary Supplement Health and Education Act of 1994 (DSHEA).
Moreover, in 2003 the FDA approved a qualified health claim for phosphatidylserine complexes,
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including highly purified phosphatidylserine derived from soy lecithin, related to their use as
dietary supplements to reduce the risk of cognitive dysfunction and dementia (FDA, 2003,
2004). Typical daily dosages of phosphatidylserine as a dietary supplement are reported as
100 mg, 3 times per day for a total of 300 mg of phosphatidylserine, supplied as capsules
(PDRNS, 2001). Furthermore, in Israel, Lipogen’s soy lecithin phosphatidylserine complex has
been marketed under the brand name L-Telect for more than 11 years. No side effects or any

adverse events related to the consumption of the complex have been reported.

‘Lipogen intends to market the soy lecithin phosphatidylserine complex as a food ingredient in
the US to provide a source of phosphatidylserine in a variety of food products including baked
goods, beverages, cereals, cheese, coffee, tea, condiments, fats, oils, jams, milk, dairy product
‘analogs, processed fruits and fruit juices, snack foods, soft candy, and grain, nut, plant protein
and milk products. The individual proposed food-uses and use-levels for soy lecithin
phosphatidylserine complex are summarized in Table 3. Depending on the particular food
category, the soy lecithin phosphatidylserine complex is proposed for use as a food ingredient
at use levels of up to 0.50% per serving. Food codes representative of each proposed food-use
were chosen from the CSFIi 1994-1996, 1998 (USDA, 2000) and grouped in food-use
.categories according to Title 21, Section §170.3 of the Code of Federal Regulations (CFR,

2003).
Table 3 Summary of the Individual Proposed Food-Uses and Use-Levels for Soy
Lecithin Phosphatidylserine Complex in the United States
Food Category Proposed Food-Use Soy Lecithin Soy Lecithin
Phosphatidyliserine Phosphatidyliserine
Complex/Serving Size Complex
Use-Level (%)
Baked Goods and Baking Breads and Rolls 50 mg/100 gram (g) to 0.05 to 0.083
Mixes 25mg/30 g
Biscuits 25mg/30 ¢ 0.083
Crackers 25mg/30g 0.083
Waffles 50 mg/100 g 0.050
1 Beverages and Beverage Carbonated Beverages 100 mg/200 mL 0.050
 Bases Meal Replacements (liquid) 100 mg/200 mL 0.050
Breakfast Cereals Ready-to-Eat Breakfast Cereals 25mg/30g 0.083
-Cheese Cheese 25mg/10g 0.250
Cheese Spreads 25mg/0g 0.250
Coffee and Tea Coffee 100 mg/200 mL 0.050
Tea 100 mg/200 mL 0.050
‘Condiments and Relishes Ketchup 25mg/5g 0.500
' Dairy Product Analogs Soy-Based Milk 100 mg/200 mL 0.050
Fats and Oils Margarine 25mg/10g 0.250
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| Table 3 Summary of the Individual Proposed Food-Uses and Use-Levels for Soy
‘ Lecithin Phosphatidylserine Complex in the United States
Food Category Proposed Food-Use Soy Lecithin Soy Lecithin
Phosphatidyiserine Phosphatidyiserine
Complex/Serving Size Complex
Use-Level (%)
Mayonnaise and Mayonnaise- 25mg/5 g 0.500
Type Dressing
Fat-Based Spreads _ 25 mg/10 g 0.250
Grain Products and Pastas | Pasta 50 mg/100 g 0.050
Grain-Based Bars 50 mg/100 g 0.050
| Jams and Jellies Commercial Jams 25mg/10g 0.250
Milk Milk 100 mg/200 mL 0.050
Milk Products Milk Drinks 100 mg/200 mL 0.050
Yogurt 100 mg/200 mL 0.050
Nut and Nut products Peanut Spreads 25mg/10 g 0.250
| Piant Protein Products Totu 25 mg/10g 0.250
A Soy-Based Meat Substitutes 100 mg/200 g 0.050
| Processed Fruits and Fruit | Fruit Juices 100 mg/200 mL 0.050
| Juices
| Snack Foods Salty Snacks 100 mg/200 g 0.050
| Soft Candy Chocolates 100 mg/200 g 0.050

The consumption of the soy lecithin phosphatidylserine complex from alil proposed food-uses
was estimated using the USDA 1994-1996 Continuing Survey of Food Intakes by Individuals
(USDA CSFIl 1994-1996) and the 1998 Supplemental Children’s Survey (USDA CSFIl 1998)
(USDA, 2000). Combined, these surveys provide the most appropriate data for evaluating food-
use and food consumption patterns in the United States, since they contain 4 years of data on
individuals selected via stratified, multistage area probability sampling of American households
within all 50 states. USDA CSFIl (1994-1996, 1998) survey data were collected from individuals
and households via 24-hour dietary recalls administered on 2 non-consecutive days (Day 1 and
Day 2) throughout all 4 seasons of the year. Data were collected in person, a minimum of 3
days apart, on different days of the week, to achieve the desired degree of statistical
independence. USDA CSFIi (1994-1996) contains 2-day dietary food consumption data for
more than 15,000 individuals of all ages, and 1-day data for 16,103 individuals. USDA CSFli
(1998) contributes consumption data from an additional 5,559 children, from birth through 9
years of age, to data reported for 4,253 children of the same ages within USDA CSFII (1994-
1996). The overall USDA CSFIi (1994-1996, 1998) response rate for individuals selected for
participation in surveys was 81.5 and 77.5% for Day 1 and Day 2, respectively.
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In addition to collecting information on the types and quantities of foods being consumed, USDA
CSFII (1994-1996, 1998) collected physiological and demographic information from individual
participants in the survey, including sex, age, self-reported height and weight, and other
variables useful in characterizing consumption. The inclusion of this information allows for
further assessment of food intake based on consumption by specific population groups of
interest within the total population. USDA sample weights were developed and incorporated
with USDA CSFIl (1994-1996, 1998) data to correct for the potential under-representation of
intakes from specific population groups as a result of sample variability due to survey design,
non-response, or other factors.

Approximately 96.5% of the total U.S. population was identified as potential consumers of the
soy lecithin phosphatidylserine complex from all proposed food-uses (19,880 actual users
identified). The consumption of all soy lecithin phosphatidylserine compiex-containing foods by
the total U.S. population yielded mean estimates of daily intake (all-user basis) of 0.71
g/person/day. Based on total population body weight approximations, this would correspond to
an exposure of 12.8 mg/kg body weight/day. Assessment of heavy consumers (90" percentile,
all-user basis) of the soy lecithin phosphatidylserine complex indicated exposures of 1.19
g/person/day, or 23.5 mg/kg body weight/day on a body weight basis (see Tables 4 and 5).
Based on the composition of the soy lecithin phosphatidylserine complex (approximately 20% .
phosphatidylserine), these estimates would provide phosphatidyiserine mean and 90"
percentile intakes of approximately 140 mg/person/day (2.6 mg/kg body weight/day) and 240
mg/person/day (4.7 mg/kg body weight/day), respectively.

“ Table 4 Summary of the Estimated Daily Intake of Soy Lecithin Phosphatidylserine
Complex from All Proposed Food Categories in the United States by
Population Group (1994-1996, 1998 USDA CSFIil Data)

Population Group Age % Actual # | All-Person Consumption | All-Users Consumption
ﬁZ‘:S Users | ofTolal ™ Mean g0” Mean 0™

(9) Percentile (9) Percentile
: (9) (9)
'§ Infant 0-2 79.8 2,857 0.33 0.65 0.39 0.68
‘ ‘ Children 3-11 100 6,304 0.52 0.78 0.52 0.78
‘Female Teenager 12-19 100 702 0.59 0.93 0.59 0.93
‘; Male Tesnager 12-19 100 696 0.87 1.44 0.87 1.44
? Female Adult 20 and Up 100 4,572 0.66 1.04 0.66 1.04
Male Adult 20 and Up 100 4,749 0.86 1.41 0.86 1.41
iTotal Population { All Ages 96.5 19,880 0.70 1.19 0.71 1.19
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‘Table 5 Summary of the Estimated Daily Per Kilogram Body Weight Intake of Soy
Lecithin Phosphatidylserine Complex from All Proposed Food Categories
in the United States by Population Group (1994-1996, 1998 USDA CSFiIl
Data)

X Population Group Age % Actual # | All-Person Consumption | All-Users Consumption

($$‘r‘§) Users °l'l::r':' Mean 90" Mean 90"
(mg/kg) Percentile (mag/kg) Percentile
(mg/kg) (mg/kg)
Infant 0-2 79.8 2,857 26.6 53.1 31.4 55.3
Children 3-11 100 6,304 21.3 349 21.3 349
Female Teenager 12-19 100 702 10.7 18.0 10.7 18.0

' Male Teenager 12-19 100 696 13.7 23.6 13.7 23.6

. Female Aduit 20 and Up 100 4,572 10.1 16.6 10.1 16.6

‘Male Adult 20 and Up 100 4,749 10.5 176 10.5 17.6

Total Population All Ages 96.5 19,880 12.7 234 128 235

This type of intake methodology is generally considered to be ‘worst case’ as a result of several
conservative assumptions made in the consumption estimates. For example, it is often
assumed that all food products within a food category contain the ingredient at the maximum
specified levels. of use. In addition, it is well established that the length of a dietary survey
affects the estimated consumption of individual users. Short-term surveys, such as the typical
2- or 3-day dietary surveys, overestimate consumption of food products that are consumed
relatively infrequently.

Since the soy lecithin phosphatidylserine complex is essentially enzymatically-modified soy
lecithin with added serine, the estimated intake of the complex also was compared to intake
levels of soy lecithin from natural sources, as well as from its addition to foods. The safety of
..... ‘ . lecithin was last evaluated by the Joint FAOWHO Expert Committee on Food Additives

‘ l (JECFA) in 1973 (JECFA, 1974), at which point daily lecithin intakes from a typical diet in the
range of 1 to 5 g were reported. In another study also based on data from the 1970’s, it was
- estimated that approximately 6 g of soy lecithin was provided daily in the American diet (Zeisel
‘ ' et al., 1982). Although it has been noted that eating patterns have changed over the last few

- decades and, thus, present soy lecithin intake levels may not be adequately represented by
I such older data, it is expected that reductions in soy lecithin intake as for example by
) ~ decreasing consumption of cholesterol-containing foods, which also are considered to be rich
sources of dietary lecithin, will have been offset by increased intake of lecithin-containing food
supplements and processed foods (Wurtman, 1979). The estimated consumption of the soy
lecithin phosphatidylserine complex at the 90™ percentile level (1.19 g/person/day), therefore,
approximates the intake of soy lecithin from combined dietary sources.
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-In 1998, the Institute of Medicine (IOM) established adequate daily intake levels for choline of
550 and 425 mg for men and women, respectively, and an upper intake level (UL) of 3.5 g/day.
The phosphatidylcholine content of the raw material is reported to be approximately 40% (IOM,
1998). In order to compare potential choline residual levels in the complex to the UL, it was
assumed that phosphatidylserine is obtained solely as a result of the replacement of the
ethanolamine moiety of phosphatidylethanolamine with all of the initial phosphatidyicholine
content remaining unchanged in the final product. Based on this maximum level assumption,
the mean and 90" percentile total population all-user intake of phosphatidylcholine from the
consumption of the soy lecithin phosphatidylserine complex would correspond to 284 and 476
mg/person/day (5.12 and 9.4 mg/kg body weight/day), respectively. Since phosphatidyicholine
contains approximately 13% of choline by weight (Canty et al., 1994), the corresponding 90"

+ percentile intake of choline from the soy lecithin phosphatidyiserine complex is approximately 62

mg/day. As this maximum theoretical intake is 56-fold lower than the UL, choline residues that

may remain in the product following washing is not a concern. Realistically, phosphatidylserine
would be formed from both phosphatidylcholine and phosphatidylethanolamine and the
dissociated choline would be expected to be washed out thereby resulting in considerably lower
choline exposures.

DATA PERTAINING TO SAFETY

The assessment of the safety of the soy lecithin phosphatidylserine complex was based on a
series of short- and long-term animal toxicity studies and in vitro and in vivo short-term assays
for mutagenicity/genotoxicity conducted by Heywood et al. (1987), as well as several human
clinical trails. The human studies were designed predominantly to evaluate the potentially
beneficial properties of phosphatidylserine on cognitive function in elderly subjects; however, in
most instances, subjects also were monitored for the occurrence of any adverse effects, and
blood chemistry and urinalysis were usually performed. The majority of clinical studies, as well
as the series of animal toxicity studies, was conducted with phosphatidylserine derived via
extraction from bovine brain tissue. A number of clinical studies, including several published
and unpublished trials performed specifically with Lipogen'’s soy lecithin phosphatidyiserine,
have evaluated the safety or efficacy of phosphatidylserine obtained from soy lecithin.

Differences in the fatty acid composition have been identified between phosphatidylserine
obtained from brain tissue versus plant sources. These differences could potentially impact the
efficacy of phosphatidylserine complexes. However, such differences in the fatty acid '
composition are not expected to affect the safety of phosphatidylserine. This conclusion is
based on the fact that the fatty acids of the phosphatidyiserine component of both the bovine-.
and soy-derived products will be cleaved from the phospholipids prior to absorption. The free
fatty acids are subsequently similarly processed by the body irrespective of their source.
Furthermore, with the exception of the exogenously added serine, all the individual components
of the soy lecithin phosphatidylserine complex, including the fatty acids, occur naturally in soy
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lecithin, which is GRAS. Docosahexaenoic acid (DHA) is considered to be characteristic of
brain tissue-derived phosphatidylserine; soy lecithin phosphatidylserine predominantly contains
linoleic acid and a-linolenic acid, which are essential polyunsaturated fatty acids that must be
provided in the diet. Also, a-linolenic acid is a metabolic precursor to DHA. Therefore, given
the overall structural similarity between soy and bovine phosphatidylserine, as well as a similar
metabolic fate, principally resulting in the degradation of the phospholipids to common
metabolites, all studies support the safety of soy lecithin phosphatidylserine. It shouid also be

~ noted that the fatty acids, linoleic acid and a-linolenic acid, contributed to the diet from proposed

uses of Lipogen’s soy phosphatidylserine complex are well below the adequate intakes (Al)
established by the IOM (2002) for these fatty acids.

ABSORPTION, DISTRIBUTION, METABOLISM, AND EXCRETION (ADME)

Following intravenous administration to rats and mice, phosphatidylserine was demonstrated to
be eliminated from plasma in a biphasic manner and to be largely distributed to several major
organs including the liver, spleen, and brain tissue (Orlando et al., 1975; Mazzari et al., 1982;
Toffano et al., 1982, 1987; Palatini et al., 1991). In vitro assays have demonstrated efficient
incorporation of exogenous phosphatidyiserine into cell membranes (Vecchini et al., 1982).
Following incubation, double-isotope labeled phosphatidylserine was shown to be incorporated

‘in the membranes of cultured neuroblastoma cells, with only a smalil portion subject to

decarboxylation (Vecchini et al., 1982). In contrast, orally administered phosphatidylserine, as
all other dietary phospholipids, is extensively hydrolyzed by phospholipase A; to
lysophosphatidylserine in the gastrointestinal tract prior to absorption (Orlando et al., 1975;
Bruni et al., 1990, 1992; IOM, 2002).

In mammalian cells, phosphatidylserine may undergo decarboxylation to
phosphatidylethanolamine in the mitochondria, which is subsequently followed by potential
re-formation of phosphatidylserine through exchange of the ethanolamine moiety with serine in
the endoplasmic reticulum or mitochondria-associated membrane (Kuge and Nishijima, 2003).
Thus, in the intestinal absorptive cells, lysophosphatidylserine may be reacylated to yield
phosphatidylserine and ultimately converted to phosphatidylethanolamine (Bruni et al., 1990,
1992). Re-esterified phospholipids are subsequently incorporated into intestinal lipoproteins
(i.e., chylomicrons) or directly transported as /lysophospholipids via the portal system to the liver
(Linder, 1991; Krummel, 1996; IOM, 2002). Chylomicrons are released into the circulation via
the thoracic duct (Linder, 1991). As the chylomicrons circulate in the blood, its components

including phospholipids are degraded via lipoprotein lipase (LPL) hydrolytic activity (Krummel,

1996). Ultimately the phosphatidyiserine degradation products (i.e., free fatty acids, serine,

glycerol, and phosphorus-containing substances) enter common physiological pathways of

amino acid and lipid metabolism. Intact phospholipids, in tum, are excreted in the bile and thus,
may be subject to enterohepatic circulation.
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Studies in animals receiving intravenous administrations of phosphatidylserine indicate that
phospholipids also undergo hydrolytic cleavage to the monoacyl derivative
lysophosphatidylserine in the plasma, as well as decarboxylation of the serine moiety to
phosphatidylethanolamine in circulating blood cells (Mazzari et al., 1982; Toffano et al., 1982;
Palatini et al., 1991). lysoPhosphatidyiserine and phosphatidylethanclamine also were detected
in the liver and brain tissues following intravenous administration. In all organs, however, the
majority of radioactivity (approximately 90%) was consistently accounted for by unmetabolized
phosphatidylserine (Toffano et al., 1987; Palatini et al., 1991). In contrast, although at 60
minutes following oral administration of phosphatidylserine to rats at a dose level of 20 mg/kg
body weight, the majority of the circulating plasma radioactivity also consisted of
phosphatidyiserine, the radioactivity at 24 hours was predominantly due to phosphatidylserine
degradation products (Toffano et al., 1987). Moreover, less than 20% of the administered dose
recovered in the mesenteric lymph of rats following oral administration of phosphatidylserine
(50 mg/kg body weight of [°H]-glycerol-labeled brain-derived phosphatidylserine) was
liposoluble, with phospholipids specifically comprising only 11% of the liposoluble fraction (Bruni
et al., 1992). The majority of the radioactivity was recovered as triglycerides, and to a smaller
extent diacylglycerol, indicating complete degradation of orally administered phosphatidylserine.
In humans, oral consumption of 5 soy lecithin phosphatidylserine capsules, providing a total of
500 mg phosphatidylserine, resulted in peak plasma phosphatidylserine levels of 3.95% of the
total phospholipid plasma concentration in comparison to background phosphatidylserine levels
of 1.8 to 2.2% of total plasma phospholipids (Shinitzky, 1999).

The effect of bovine derived phosphatidylserine on the release of acetyicholine from the
cerebral cortex of the rat was evaluated in animals injected intravenously with sonicated
suspensions of phosphatidylserine at doses of 75 and 150 mg/kg bodyweight (Casamenti et al.,
1979). The results of this study demonstrated that phosphatidylserine caused a dose
dependent, caicium dependent increase in acetylcholine output. As in vitro studies indicated no
effect of phosphatidylserine on acetylcholine release from brain slices, the response observed in
vivo is not likely to occur due to a direct response. Thus, the authors concluded that
phosphatidylserine exerts an indirect stimulating action on a septo-cortical cholinergic pathway.
In comparison, phosphatidylethanolamine was about half as active as phosphatidylserine and
phosphatidylcholine had no effect.

Following metabolism, hydrosoluble metabolites are excreted in the urine, whereas the
liposoluble fraction is eliminated via the feces. In rats, approximately 60% of an orally
administered dose of phosphatidylserine (20 mg/kg body weight) was recovered in the feces, of
which 50% was identified as lysophosphatidylserine, and only 10% was detected in the urine
(Toffano et al., 1987).
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' TOXICOLOGICAL STUDIES

Acute Studies

In rodents, oral administration of phosphatidylserine complex was associated with a \very low
order of acute toxicity (i.e., greater than 2 g/kg body weight). Specifically, results of acute
toxicity studies demonstrated oral LDs, values of greater than 5 and 2 g/kg body weight in rats
and rabbits, respectively (Heywood et al., 1987). Administered intravenously, a LDs, of

236 mg/kg body weight was reported for rats (Heywood et al., 1987).

Following subcutaneous injection of phosphatidylserine liposomes, at the dose level of 25 mg/kg
body weight, inhibition of the adaptive immune response following immunization (i.e., reductions
in the draining lymph node tissue mass, accompanied by reduced numbers of total leukocytes

‘and antigen-specific CD4" T cells, as well as decreased formation and size of spleen and lymph
-node germinal centers, and blood levels of antigen-specific IgG), was reported in mice
(Hoffmann et al., 2005). There is no expectation of similar effects following oral dosmg given
.that phosphatidylserine is degraded prior to absorption.

Subchronic and Chronic Studies

Heywood et al. (1987) completed a series of subchronic and chronic experiments in rats and
dogs in order to assess the potential toxicity of a bovine cortex-derived phosphatidylserine
complex following oral, as well as parenteral administration. In a 26-week study, Sprague-
Dawley rats were administered the phosphatidylserine complex at dose levels of 0 (control), 10,
100, or 1,000 mg/kg body weight/day via gavage. Excessive salivation was observed following

administration of the phosphatidylserine complex. In comparison to control animals, blood

chemistry results and urinalysis revealed enhanced alkaline phosphatase (ALP) activity and a
reduction in the urinary pH, respectively, in both sexes of high-dose animals (i.e., 1,000 mg/kg

body weight/day). Increased serum potassium levels, and decreased levels of serum albumin
and sodium were limited to male rats of the high-dose group. Ophthalmoscopic examination, as

well as macroscopic and microscopic evaluations were unremarkable. In a 1-year-long oral

toxicity study, groups of beagle dogs received daily gavage administrations of 0 (control), 10,

100, or 1,000 mg/kg body weight of the phosphatidylserine complex. Following treatment

administration, vomiting and loose feces were reported in test animals. Suppression of appetite

observed during the first week of treatment was accompanied by a significant decrease in body
weights in males and females receiving the phosphatidylserine complex at a dose level of 1,000
mg/kg body weight/day. Findings were limited to significant reductions in blood glucose and
cholesterol levels in high-dose males and females. No other variations were observed,
including no gross or microscopic abnormalities and no organ weight variations in any test
group.
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In addition to the oral toxicity studies, several studies were conducted in which animals received
intravenous or intramuscular injections of the bovine brain phosphatidylserine complex
(Heywood et al., 1987). No toxicologically significant adverse effects were reported in either
Sprague-Dawley rats or beagle dogs receiving intravenous injections of the phosphatidyiserine
complex at dose levels of 5 mg/kg body weight/day for a period of 4 weeks. At higher dose
levels (i.e., 20 and 80 mg/kg body weight/day) redness and swelling of paws and around muscle
were observed in rats. In both sexes at the high-dose level and in males at the mid-dose level,

“variations were reported in several hematological and blood chemistry parameters. Several

organ weight variations, including elevated spleen weights, also were observed in both sexes of
rats at the mid- and high-dose levels (i.e., 20 and 80 mg/kg body weight/day, respectively).
Furthermore, in high-dose animals, increased incidences of extra-medullary hemopiesis (/.e.,
development of blood cells) of the spleen were reported. Dogs were reported to exhibit
generalized muscle tremors following treatment administration at the mid- and high-dose levels
(i.e., 15 and 40 mg/kg body weight/day, respectively), and significant reductions in body
weights, and food and water consumption. Additionally, dose-dependent increases in the
incidence of polymorphonuclear leukocyte-aggregations in the sinusoidal cavity of the liver were
observed in mid- and high-dose dogs (i.e., 1/12 and 4/12 dogs, respectively). Elevated white
blood cell counts and reduced levels of serum protein were limited to animals treated at the
high-dose level.

Likewise, in dogs receiving intramuscular injections of the phosphatidylserine complex at dose

levels of 0 (control), 5, 10, or 15 mg/kg body weight/day for a period of 13 weeks, increases in
leukocyte levels and erythrocyte sedimentation rates were observed in high-dose dogs (i.e.,

15 mg/kg body weight/day) (Heywood et al., 1987). Furthermore, gross examination revealed
dose-dependent increases in the incidence of subcutaneous hemorrhage and adhesion
between the skin and muscles at the injection site, whereas morphological abnormalities, which
also were confined to the site of injection, consisted of muscle degeneration, subcutaneous and
intramuscular acute inflammatory cell infiltration and necrosis. Given the route of administration
used in this study, these findings are not relevant for orally administered phosphatidylserine.

Reproductive and Developmental Studies

The potential reproductive toxicity and teratology of brain-derived phosphatidylserine were
investigated in rats and rabbits following maternal gavage of the phospholipid complex at dose
levels of 0, 10, 100, or 200, and 0, 50, 150, or 450 mg/kg body weight/day, respectively
(Heywood et al., 1987). Treatment was initiated on day 6 of gestation and continued through
days 15 and 18 for rats and rabbits, respectively. Rats and rabbits were subsequently
necropsied and fetuses removed on days 20 and 29, respectively. No statistically significant
variations were observed in either species of laboratory animal. Rabbit fetal body weights were
reduced at the 450 mg/kg body weight/day dose level, albeit not at levels of statistical
significance. Fetal body weight variations occurred in the presence of body weight gain
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reductions observed in high-dose dams during the first 4 days of treatment. In another study
evaluating the development of mice, no differences in the onset of reflexes, and no variations in
body weights were observed in nursing pups 30 days following birth whose mothers received 50
mg/kg body weight/aay of bovine brain phosphatidylserine complex in aqueous solution
beginning on the day of parturition (Fagioli et al., 1989; Ammassari-Teule et al., 1990). These
data support that phosphatidyiserine is not a reproductive or developmental toxicant.

Genotoxicity Studies

Results of in vitro assays for mutagenic and clastogenic activity were consistently negative
following incubation of mammalian cells (human and mouse cells) with the brain-derived
phosphatidylserine complex in the absence and presence of metabolic activation (Heywood et
al., 1987). Likewise, in mice, the phosphatidylserine complex did not induce an increase in
micronucleus frequency in bone marrow cells following 2 successive gavage administrations of
the complex at dose levels of 15, 75, or 150 mg/kg body weight in comparison to controis.

Summary of Toxicological Assessment

The above studies, which were conducted by a reputable contract research organization and
include the study of standard toxicological endpoints in several species, several routes of
administration using multiple doses, and different durations of treatment, up to one year, support
the safety of phosphatidylserine for addition to foods. Based on the absence of any
toxicologically significant adverse effects, results of the 26-week rat and the 1-year dog gavage
studies support a- no-observed-adverse-effect level (NOAEL) of 1,000 mg/kg body weight/day
for a phosphatidyiserine preparation from bovine brain (Heywood et al., 1987).

Clinical Studies

As a result of a potentially beneficial effect of phosphatidylserine on cognitive function, a
number of open-label and placebo-controlied double-blind studies have been conducted in
humans to assess the efficacy of orally administered phosphatidylserine. The majority of trials
available were performed with brain-extracted phosphatidylserine complexes (Delwaide et al.,
1986; Allegro et al., 1987; Flinfgeld and Nedwidek, 1987; Paimieri et al., 1987; Puca et al.,

. 1987; Ransmayr et al., 1987; Sinforiani et al., 1987; Crook et al., 1991, 1992; Cenacchi et al.,

1993). There were also several studies, including studies performed with Lipogen’s soy lecithin
phosphatidylserine complex, in which subjects received plant source-derived phosphatidylserine
(Gindin et al.,, 1992, 1994, 2000; Shinitzky, 1999; Schreiber et al., 2000; Benton et al., 2001;
Jorissen et al., 2002; Hellhammer et al., 2004).

In a 12-week study performed by Jorissen et al. (2002), in which test groups were provided daily
300 or 600 mg of soy lecithin-derived phosphatidylserine, no clinically significant variations were
reported in blood chemistry or hematology, and no differences were noted in the occurrence of
side effects among the test and placebo groups. In the remaining studies conducted with
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‘phosphatidylserine of plant origin, evaluation of safety following daily treatment with

phosphatidylserine over periods of 21 days to more than a year was limited to a subjective
assessment of tolerability. Gastrointestinal disturbances consisting mainly of flatulence were
reported in a 12-week study conducted with individuals exhibiting cognitive decline, in which test
subjects consumed 300 mg of phosphatidylserine/day; however, the study protocol did not
include a group of placebo patients (Schreiber et al., 2000). Thus, the absence of a placebo
group precluded a conclusion as to whether or not gastrointestinal side effects reported in
subjects receiving phosphatidyiserine were treatment-related. In another study recruiting
healthy young adult males, side effects were reported to occur in placebo, but not in soy lecithin
phosphatidylserine-treated (300 mg/day) subjects (Benton et al., 2001). Additionally, no side
‘effects related to the oral administration of Lipogen's soy lecithin phosphatidylserine complex at
dose levels providing up to 800 mg phosphatidylserine/day for periods of 3 weeks to more than
1 year were reported (Gindin et al., 1994, 2000; Hellhammer et al., 2004). Likewise, in an
efficacy study also conducted with Lipogen’s soy lecithin phosphatidyiserine complex, there was
no indication of the occurrence of any adverse side effects in test subjects receiving daily

‘300 mg of phosphatidylserine (Gindin et al., 1992, 1993). Moreover, test subjects experienced
significant improvements in memory and mood. No adverse effects were reported by study
participants in a single-dose study conducted to assess the absorption of phosphatidylserine
provided as part of Lipogen’s soy lecithin phosphatidyiserine complex (Shinitzky, 1999).

A number of studies performed with phosphatidylserine extracted from animal brain tissues,
support the safety of orally administered phosphatidyiserine. In a series of double-blind studies
up to 6 months in duration in which study subjects were provided daily doses of 300 mq of
phosphatidylserine from brain extracts, the phosphatidyiserine complexes were generally
reported to be well tolerated and no significant side eftects were observed (Delwaide et al.,
1986; Palmieri et al., 1987; Ransmayr et al., 1987; Crook et al., 1991, 1992; Cenacchi et al.,

' 1993). A single incident of dizziness in a group of 215 phosphatidylserine-treated test subjects

'was reported in the study conducted by Cenacchi et al. (1993). Gastrointestinal side effects in
the Cenacchi et al. (1993) study were limited to subjects in the placebo study group, whereas in
the study performed by Ransmayr et al. (1987) incidences of gastrointestinal discomfort were
reported in both the test and placebo subjects. In 2 studies in which blood chemistry
parameters also were monitored, no variations related to treatment with phosphatidylserine
were noted (Palmieri et al., 1987; Cenacchi et al., 1993).

The safety and tolerability of phosphatidyiserine is further corroborated by a number of open-
label trials, in which individuals also were provided brain-derived phosphatidylserine for oral
consumption at daily dose levels of up to 500 mg with treatment extending over periods of up to
60 days (Allegro et al., 1987; Fiinfgeld and Nedwidek, 1987, Puca et al., 1987; Sinforiani et al.,
1987). No side effects were reported and in cases where blood chemistry was evaluated,
results in comparison to baseline values were unremarkable. In an additional study, 50 mg/day
of phosphatidyiserine (source not specified) was intramuscularly administered to women for a
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period of 30 days (Manfredi et al., 1987). As in the trials in which phosphatidylserine was
provided in capsules for oral administration, blood chemistry and hematology analyses were
unremarkable, and phosphatidylserine treatment was well tolerated.

Additionally, a number of efficacy studies were conducted with phosphatidylserine complexes
orally administered at dose levels of up to 500 mg for periods of up to 60 days to elderly patients
exhibiting cognitive decline in which no adverse effects were apparent (Caffarra and
Santamaria, 1987; Granata and Di Michele, 1987; Villardita et al., 1987; Engel et al., 1992;

Heiss et al., 1993, 1994); however, in these studies the authors did not indicate whether the

occurrence of adverse effects was monitored. In the 6-month study conducted by Heiss et al.
(1994), in which phosphatidylserine was provided to subjects at dose levels of 400 mg/day,
complete blood cell counts and routine blood chemistry were performed once every 4 weeks
during the treatment period; however, results of the clinical chemistry evaluations were not
discussed. ‘

In addition to the data reported in the individual studies, Cennachi et al. (1987) assessed the
human tolerability of bovine brain cortex-derived phosphatidyiserine provided at daily dose
levels of 300 mg for a period of 6 weeks by collectively analyzing results obtained for several
common clinical chemistry parameters [i.e., blood cell count, glucose, uric acid, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), ALP, creatinine, bilirubin, cholesterol,
and triglycerides], as evaluated by a number of different investigators encompassing a total of
130 patients (65M, 65F). Although treatment with phosphatidylserine was reported to induce
significant reductions in both uric acid levels and serum ALT activity in adult males in
comparison to baseline values, the biochemical variations were determined to have no clinical
relevance.

Although the Physicians' Desk Reference for Nutritional Supplements (PDRNS) reports rare

cases of gastrointestinal disturbances, particularly nausea, occurring as a resuit of

phosphatidyiserine stimulation of dopamine release following ingestion of larger doses (i.e.,
200 mg per single dose or higher), the occurrence of side effects related to gastrointestinal
function as a result of phosphatidylserine ingestion was not confirmed in any of the human
clinical trials. Since the purpose of most of the trials was to assess the efficacy of
phosphatidylserine with respect to improvement of neurological function and of age-related
memory decline, subjects typically were elderly patients with a range of neurological disorders
(i.e., Parkinson’s, Alzheimer's disease) or other underlying medical conditions. In spite of the
participation of study populations with somewhat compromised health, no significant adverse
effects were reported in any of the studies. Moreover, in several of the clinical trials, subjects
were permitted to continue taking their usual medications for the various pre-existing medical
conditions. With the exception of blood pressure fluctuations observed in some hypertensive
subjects in the study performed by Ransmayr et al. (1987), requiring adjustment of the dosages
of antihypertensive agents, no interactions with any other medications were observed.
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‘Moreover, in the study in which blood pressure variations were reported, it was not specified
whether variations occurred in the placebo or test groups. Furthermore, it is possible that the

fluctuations occurred as a result of alterations in the patients’ health, rather than as a resuilt of
an interaction between phosphatidylserine and the antihypertensive agents.

On the basis of the existing data from animal studies and the knowledge that phosphatidylserine

is a component of the diet including breast milk, there is no reason to expect any potential
unusual susceptibilities among diverse populations.

SUMMARY

Lipogen intends to market a complex of phosphatidylserine, an endogenously occurring amino

phospholipid, as an ingredient in food in order to increase the dietary intake of

iphosphatidylserine in the general population. The phosphatidylserine complex is intended to be
‘added to a variety of food products including baked goods, beverages, cereals, cheese, coffee,
tea, condiments, fats, oils, jams, milk, dairy product analogs, processed fruits and fruit juices,

snack foods, soft candy, and grain, nut, plant protein and milk products. Depending on the
particular food category, the soy lecithin phosphatidylserine complex is proposed for use as a
food ingredient at use levels of up to 0.50% per serving. Although soy lecithin-derived
phosphatidylserine is not currently an ingredient added to food in the United States, unmodified

'soy lecithin and enzymatically-transformed soy lecithin using phospholipase A, and pancreatin

are affirmed as GRAS. Under the conditions of intended use of Lipogen’s soy lecithin
phosphatidylserine complex, the total population all-user mean intake is estimated to be 0.71 g/

_ person/day or 12.8 mg/kg body weight/day. The heavy consumer (90™ percentile) all-user

intake of the soy lecithin phosphatidylserine complex from all proposed food-uses is estimated
to be 1.19 g/person/day or 23.5 mg/kg body weight/day. Based on the composition of the soy

Jlecithin phosphatidylserine complex (approximately 20% phosphatidyiserine), these estimates

would provide phosphatidylserine mean and 90" percentile intakes of 140 mg/person/day

(2.6 mg/kg body weight/day) and 240 mg/person/day (4.7 mg/kg body weight/day), respectively.
Phosphatidylserine is a phospholipid identified to occur naturally in human, as well as other
animal and plant cells, where it functions as an essential structural component of cell

‘membranes. Given its natural occurrence in commonly consumed foods such as meats, egg,

and soy, phosphatidylserine is consumed as part of the habitual diet.

The soy lecithin phosphatidylserine complex is produced by Lipogen in accordance with current
good manufacturing practices (GMPs) and meets appropriate food-grade specifications. The
manufacturing process consists of an enzymatic modification of soy lecithin via phospholipase D
activity derived from cabbage extract. Specifically, the enzyme catalyzes the hydrolysis of
phosphatidylcholine or phosphatidylethanolamine resulting in the release of the choline and

‘ethanolamine moieties, respectively, and formation of phosphatidic acid, which is subsequently

esterified with exogenously added serine. Once complete, the enzymatic activity is terminated,
and the resulting soy lecithin phosphatidylserine complex is subject to purification and drying,
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and is ultimately formulated into a liquid or powder product. In order to ensure a consistent

product, Lipogen has established numerous chemical and microbiological specification
parameters for the final formulated liquid and powder soy lecithin phosphatidylserine
complexes. Batch samples are routinely assayed to verify that the set limits are met, ensuring a
safe product.

From data available on the absorption, metabolism, and elimination of orally administered

‘phosphatidylserine, results indicate that only a relatively minor portion of phosphatidylserine is

absorbed systemically unmetabolized. The majority of an oral dose of the phospholipid is
subject to extensive hydrolysis in the gastrointestinal tract, resulting among other degradation
products in the formation of lysophosphatidylserine. Moreover, phosphatidylserine also may

‘undergo decarboxylation to phosphatidylethanolamine in the absorptive epithelial cells of the

intestine. Following systemic absorption, phosphatidylserine and its metabolites enter the
circulation via the lymphatic system or hepatic portal vein. Following oral treatment only 18% of
the administered dose recovered in lymph was liposoluble with 80% consisting of triglycerides,

[indicating complete degradation of phosphatidylserine and use of the glycerol fraction in de

novo synthesis. Thus, the majority of orally administered phosphatidylserine was converted to
hydrophilic metabolites.

Results of animal toxicity studies indicated some adverse effects following intravenous and
intramuscular injection of phosphatidylserine (Heywood et al., 1987). However, these results

‘are not relevant to the oral route of exposure, particularly in light of the limited absorption of

unhydrolyzed phosphatidylserine. Likewise, although following subcutaneous injection of
phosphatidylserine liposomes at dose levels of 25 mg/kg body weight, inhibition of immune
responses was reported in mice (Hoffmann et al., 2005), given the extensive degradation and
highly limited systemic absorption of phosphatidylserine following oral administration, it is not
expected that phosphatidylserine from its use a food additive would significantly alter immune
system function. In contrast, following oral administration of phosphatidylserine to rats and dogs
at dose levels of up to 1,000 mg/kg body weight/day for a period of up to 1 year, statisticaily
significant variations were limited to fluctuations in isolated clinical chemistry and urinalysis
parameters at the highest dose level and in no case were accompanied by any organ weight
differences, or macroscopic or histopathological abnormalities (Heywood et al., 1987).

Additionally, results of in vitro and in vivo mutagenicity and genotoxicity assays conducted with
bovine cortex-derived phosphatidylserine were unequivocally negative (Heywood et al., 1987).
No variations in several reproductive parameters and no teratological abnormalities were
observed in rodents following administration of phosphatidylserine during gestation (Heywood et
al., 1987). Administration of phosphatidyliserine to lactating mice also did not adversely affect
pup development (Fagioli et al., 1989; Ammassari-Teule et al., 1990).

Moreover, for purposes of assessing the potentially beneficial effect of phosphatidylserine with
respect to neurological function, phosphatidylserine complexes have been extensively studied in
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human trials. Although most clinical studies were conducted with phosphatidylserine extracted

from brain tissue, a number of studies was conducted with plant source-derived

phosphatidylserine, including published and unpublished studies in which subjects received
Lipogen’s soy lecithin phosphatidylserine, with one study focusing specifically on the safety of
soy lecithin phosphatidylserine (Jorissen et al., 2002). During the 12-week treatment period,
study participants received 3 times daily 2 gelatin capsules containing food-grade
phosphatidylserine powder (40% of pure phosphatidylserine) in amounts providing 50 or 100 mg
of phosphatidylserine. Thus, in total, study participants received daily doses of 300 or 600 mg
of phosphatidylserine. Following the treatment period, hematology and blood biochemistry did
not reveal any statistically significant variations in comparison to the placebo group, and all
fluctuations were reported to remain within the normal limits of variation. Specifically, the blood
chemistry variations observed in orally treated animals were not confirmed by studies conducted
in human subjects. Furthermore, phosphatidylserine administration did not adversely affect vital
signs and the total number of side effects reported by test subjects did not differ significantly
from study participants receiving placebo capsules. In the studies conducted with Lipogen's soy

‘lecithin phosphatidylserine, no side effects related to the oral administration of

phosphatidylserine at dose levels of up to 800 mg/day were reported (Gindin et al., 1994, 2000;
Hellhammer et al., 2004). Given the overall structural similarities between soy lecithin- and
brain cortex-derived phosphatidyiserine, the safety of phosphatidyiserine is additionaily
supported by the results of double-blind and open-label efficacy trials in which brain tissue-
derived phosphatidylserine complexes at dose levels of up to 500 mg/day were not associated
with any treatment-related adverse effects.

Based on the absence of any toxicologically significant adverse effects, results of the 26-week
rat and the 1-year dog gavage studies support a no-observed-adverse-effect level (NOAEL) of
1,000 mg/kg body weight/day for a phosphatidylserine preparation from bovine brain (Heywood
et al., 1987). Estimates of intake under the intended conditions of use of the soy lecithin
phosphatidylserine complex indicate an all-user intake level of 23.5 mg/kg body weight/day for
the heavy-end consumer (90" percentile). Accordingly, the NOAEL of 1,000 mg/kg body
weight/day is several fold greater than the 90™ percentile estimated intake level of the soy
lecithin phosphatidylserine complex from its addition to food. Moreover, the daily dose levels of

“pure phosphatidylserine (i.e., up to 600 mg/day) obtained from a soy lecithin powder which did

not induce any clinically significant adverse effects in humans following a 12-week treatment

- period (Jorissen et al., 2002), exceed the estimated all-user intake of Lipogen’s soy lecithin

phosphatidylserine complex (i.e., 240 mg/person/day at the 90™ percentile) by 2.5-fold.

Overall, when viewed in its entirety, the scientific evidence presented above indicates that under
the conditions of intended use in foods, the soy lecithin phosphatidylserine complex would
reasonably be expected to be safe. The bioavailability of orally ingested unmetabolized
phosphatidyiserine is largely limited by extensive hydrolysis in the gastrointestinal tract prior to
absorption. The safety of the soy lecithin phosphatidylserine complex is confirmed by a series
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_ of published short- and long-term animal toxicity studies, as well as human clinical trials,

consistently reporting no toxicologically significant adverse effects relevant to the conditions of

. intended use in foods. The total body of published data and information summarized in this

report demonstrates that the soy lecithin phosphatidylserine complex meeting appropriate food- -
grade specifications is GRAS, based on scientific procedures, under the conditions of intended
use in foods.
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CONCLUSION

‘We, the Expert Panel, have independently and collectively, critically evaluated the data and

information summarized above and conclude that Lipogen’s soy lecithin phosphatidylserine
complex, meeting appropriate food grade specifications and produced in according with current
good manufacturing practice, is Generally Recognized as Safe (GRAS) based on scientific

‘procedures under the conditions of intended use in foods specified herein.
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Director, Naylor Dana Institute and Chief, Division of Pathology and Tox1cology,
American Health Foundation; Research Professor,
Department  of Pathology, New York Medical College, Valhalla, New York;

Visiting Lecturer, Graduate School of Health Sciences, New York

Medical College, Valhalla, New York.

Professor of Pathology, Department of Pathology, Director of

Environmental Pathology and Toxicology, Head, Program on Medicine, Food
and Chemical Safety, New York Medical College, Valhalla, New York;
Affiliated Faculty, Graduate School of Health Sciences, New York Medical
College, Valhalla, New York.

1974 American Board of Pathology
1975 Physician, State Education Department, State of New York
1981 Americaanoard of Toxicology, Recertified, 2002.
1984 Expert in Toxicology, Ministere des Affaires Sociales et de la Solidarite
Nationale, Direction de la pharmacie et du medlcament, Republic
Francais
2000 Fellow in Toxmologlc Pathology, Intematlonal Academy of Toxicologic
Pathology
AWARDS AND HONORS:
1963 . Phi Beta Kappa, Washington and Jefferson College
Y " ‘,' 4 v ',W'
000069



1967

1967

1971

1980

1981

1982

1984

1987

1988

1989

1995

1996

1997

1998

2001

2002

Sheard-Sandford Award, American Society of Clinical Pathologists
Alpha Omega Alpha, University of Pittsburgh School of Medicine

Research Training Fellowship, Intemational Agency for Research on
Cancer

Association of University Pathologists

Invited Contributor, Special Issue Food and Cosmetics Toxicology,
9:557, 1981, dedicated to Leon Goldberg

Amold J. Lehman Award, Society of Toxicology

Invited Contributor Hommage au Professeur Rene Truhaut

Citation Classics: Cancer Lett. 1:231, 1976 and Cancer Res. 37:1845, 1977.

Institute for Scientific Information, Current Contents, Vol. 30, No.36,

September 7, 1987

Citation Classics: In Vitro 12:521, 1976; 12:821, 1976; 13:809, 1977,
14:824, 1978. Institute for Scientific Information. Current Contents, Vol.

32, No. 9, February 27, 1989

Featured on cover of Cancer Research, Volume 49, November 1

Featured on cover of Cancer Research, Volume 55, April 15

Awards Lecture, Society of Toxicology

Invited Contributor, Special Issue Cancer Letters, 118:1, 1997, dedicated
to Phillipe Shubik

Top 10 Most Frequently Cited Articles in 25 years of Toxicologic
Pathology Toxicologic Pathology 10:3-10, 1982; Toxicologic Pathology
26:452, 1998

Ambassador in Toxicology Award, Mid-Atlantic Chapter of the Society of
Toxicology.

Enhancement of Animal Welfare Award, Society of Toxicology.



RECOGNITION:

1996-01 Who's Who in American/50th- 56th Editions

1996-00 Who's Who in the East/26-28th Editions

1996-03 Who's Who in Science and Engineering/3rd-6th Editions

1997/1998 American Men and Women of Science
Directory of American Research & Technology

1998-00 Official American Board of Medical Specialties‘ Directory of Board Certified

Medical Specialists 30™-33™ Editions

SOCIETIES:

1974 American Association for Cancer Research

1978 Society of Toxicology

1981 Society of Toxicologic Pathologists

1991 International Society of Regulatory Toxicology and Pharmacology

EDITORIAL RESPONSIBILITIES:

1980 Co-Editor, Differentiation and Carcinogenesis in Liver Cell Cultures. Vol.
349. New York Academy of Sciences.
1980-1981 Consulting Reviewer, Oncology Overviews, International Cancer

Research Data Bank.

1980-1986 Reviewing Editor, In Vitro.

1980 Co-editor, The Predictive Value of In Vitro Short-term Screening Tests n
Carcinogenicity Evaluation. Elsevier/North Holland Biomedical Press.

1981-1983 Editorial Board, Fundamental and Applied Toxicology.

. 1981-1989 Editorial Board, Toxicology and Applied Pharmacology.
000071
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1981-1999

1981

1982

1982-1993
1983

1983

1983

1983-1992
1983-1996

1984-present

1987

1988-present

1988

1989

1990

1991 -present

1992

Editorial Board, Nutrition and Cancer.

Meeting Report: Carcinogenesis and Gene Expression in Liver Cultures.
Cancer Research 42:2462-2464, 1982.

Consulting Reviewer, Oncology Overview, International Cancer Research Data
Bank Program, National Cancer Institute.

Editorial Board, Mutation Research, Genetic Toxicology Testing Section.
Co-Editor, Colon Carcinogenesis. CRC Press.

Co-Editor, Cellular Systems for Toxicity Testing. Vol. 407. New York
Academy of Sciences.

Co-Editor, Tests Courts de Cancerogenese/Short-term Tests for
Carcinogenesis, Elsevier Science Publishers BV, Amsterdam.

Editorial Board, Chemico-Biological Interactions.
Editorial Board, Toxicologic Pathology.
Founding Editor, Cell Biology and Toxicology.

Meeting Report: Causative and Modifying Factors in Digestive Tract
Cancer. Cancer Research 47:922-923, 1987

Editorial Board, Archives of Toxicology

Editor, Sweeteners: Health Effects, Princeton Scientific Publishing
Company.

Editorial Board, Complex Mixtures and Cancer Risk, IARC Scientific
Publications, International Agency for Research on Cancer

Meeting Report: American Health Foundation 20th Anniversary
International Symposium on Causes and Prevention of Cancer. Preventive

Medicine, in 20:534-547, 1991

Intemational Advisory Board, European Journal of Cancer Prevention

Proceedings of the Second International Conference on Longevity and
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1993

1994-present

Aging: Environmental and Nutritional Influences on Aging and Cancer
Experimental Gerontology, Volume 27, Special Issue, 1992 -

Editor- in-Chief, Antioxidants Chemical, Physiological, Nutritional and
Toxicological Aspects, Princeton Scientific Publish. Co.

Area Editor for Carcinogenesis, Drug and Chemical Toxicology.

1997 Co-Editor, Reducing Dietary Fat: Putting Theory into Practice, Journal
of The American Dietetic Association, Volume 97, Supplement 1, 1997
2001 Co-Editor, Toxicology, Special Issue, Volume 166, Number 3, Festschrift
J.H. Weisburger.
MEETINGS ORGANIZED:
1980 Conference on Differentiation and Carcinogenesis in Liver Cell Cultures.
New York Academy of Sciences. New York, NY.
1980 Workshop on the Predictive Value of in vitro Short Term Screening Tests
in the Evaluation of Carcinogenicity. Scientific Council of the Nether-
lands Cancer Society. Dalen, The Netherlands.
1982 Quo Vadis Symposium on Short Term Tests in Carcinogenesis and l
Mutagenesis. Research Center Clin-Midy. Montpellier, France. ,
1983 Conference on Carcinogenesis and Gene Expression in Liver Cultures l
United States-Japan Cooperative Cancer Research Program. Honolulu, Hawaii. '
1984 Conference on Cellular Systems for Toxicity Testing, New York
Academy of Sciences, New York, NY. .
1986 Conference on Causative and Modulating Factors for Digestive Tract Cancer
United States-Japan Cooperative Cancer Research Program. Tokyo, Japan. l
1986 International Conference on Cancer Research.- Theories of ~ Carcinogenesis.
The Norwegian Cancer Society, Oslo, Norway. I
1986 Conference on Non-Mutagenic Carcinogens: How Much Risk to Man?
The Robens Institute, University of Surrey, Guildford, England. ‘l
1987 Conference on Sweeteners: Health Effects. American Health Foundation, .
000073
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1987
1988
1989

1990

1991

1991
1992
1993

1993

1994

1995

1996

New York.

International Symposium in Genetic Toxicology, National Science
Foundation (U.S.) and Council of Scientific and Industrial Research
(India), University of Calcutta, Calcutta, India.

International Symposium on Causes and Prevention of Cancer, American

Health Foundation in cooperation with American Cancer Society and

National Cancer Institute, New York, NY.

International Conference on Environmental and Nutritional Influences on
Aging and Cancer, American Health Foundation in cooperation with National

Institute on Aging, New York, NY.

Conference on Cancer Prevention for Black Americans, Metropolitan Life

Insurance, Company, New York, NY.

International Conference on Antioxidants: Chemical, Physiological,
Nutritional and Toxicological Aspects, American Health Foundation,
Tarrytown, NY. )

Second International Conference on Theories of Carcmogenes1s Norwegian
Cancer Society, Oslo, Norway. s

1st International Short Course on Preclinical Drug and Chemical Safety,
Tarrytown, NY.

2nd International Short Course on Preclinical Drug and Chemlcal Safety,

Tarrytown, NY.

American Health Foundation, 25th Anniversary Conference and- ~
Celebration, Toward Optimal Health: Examining Goals for Nutrition and
the Environment, Tarrytown, NY.

3rd International Courée on the Safety Assessment of Pharmaceuticals,
Tarrytown, NY.

International Congress on Hepatocytes- Applications i in Cell Blology,
Toxmology and Medicine, Tubingen, Germany.

Conference, Reducing Dietary Fat: Putting Theory Into Pracuce,
American Health Foundation, New York, NY.

¥ ow i

=
IS

[N

.



1996
1996
1997
1998
| 2600
2001

. 2002

4th International Course on the Safety Assessment of Pharmaceuticals,
Part [, White Plains, NY.

4th International Course on the Safety Assessment of Pharmaceuticals,
Part I, San Francisco, CA.

Sth International Course on the Safety Assessment of Medicines, Part [,
White Plains, NY.

6th International Course on the Safety Assessment of Medicine.
Basic and Regulatory Aspects, White Plains, NY.

7th International Course on the Safety Assessment of Medicine.
Basic and Regulatory Aspects, White Plains, NY.

8th International Course on the Safety Assessment of Medicine.
Basic and Regulatory Aspects, White Plains, NY.

International Symposium on Antimutagenesis and Anticarcinogenesis,
New York Medical College, Valhalla, NY

NATIONAL AND INTERNATIONAL RESPONSIBILITIES

1975
1975-1978

1976-1977

1976

1976-1978

1977-1978

Consultant, Pesticides, Toxic Substance and Solid Waste Management,
United States Environmental Protection Agency.

Member, Epidemiology Committee, Breast Cancer Task Force,
NationalCancer Institute. '

Member, Program Committee, American Association for Cancer Research.

Member, Working Group on Evaluation of Carcinogenic Risk of
Chemicals to Man: Some Miscellaneous Pharmaceutical Substances,
International Agency for Research on Cancer.

Co-Chairperson, Subcommittee on Rat Liver Tumors, Committee on
Histologic Classification of Laboratory Animal Tumors, Institute of
Laboratory Animal Resources, National Research Council.

Member, Panel on Kepone/Mirex, Scientific and Technical Assessments
of Environmental Pollutants, Environmental Studies Board, Commission

Natural Resources, National Research Council.

. » 000075

« @



-.----r-

1979-1980

1980-1981
1980
1980-1986

1981

1981-1982

1982

1982-1983
1982-1983
1982-1983

1983

Member, Panel on Unscheduled DNA Synthesis, Gene-Tox Program,
U.S. Environmental Protection Agency.

Member, Panel of Experts Associated with Technical Report Review
Subcommittee, National Toxicology Program, Department of Health and
Human Services.

Member, Working Group on Evaluation of Carcinogenic Risk of
Chemicals to Man- Antineoplastic and Immunosuppressive Drugs,
International Agency for Research on Cancer.

Panel of Reviewers, Netherlands Cancer Foundation.
Advisor, Technical Committee, Society of Toxicology.

Member, Task Group on the Differentiation Between Genotoxic and
Epigenetic Carcinogens, International Commission on Protection Against
Environmental Mutagens and Carcinogens.

Member, Working Group on the Evaluation of the Carcinogenic Risk of
Chemicals to Humans: Chemicals and Industrial Processes Associated with
Cancer in Humans, IARC Monographs Volumes 1 to 29, International Agency
for Research on Cancer.

Consultant, Office of Health and Environmental Assessment, Reproductive
Effects Assessment Group, U.S. Environmental Protection Agency.

Member, International Expert Committee to the Nutrition Foundation
on the Relevance of Mouse Liver as a Model for Assessing Carcinogenic
Risk, Nutrition Foundation, Incorporated.

Coordinator, Assays of DNA Iamage, Collaborative Study on Short-Term
Tests for Genotoxicity and Carcinogenicity. International Programme on
Chemical Safety, World Health Organization.

Member, Working Group on the Mechanisms of Chemical
Carcinogenesis, International Agency for Research on Cancer.

000076

R R KR



1983-1984

1984-1987
1984-1985

1984-1985

1985-1987

1985

1985-1986

1986
1987

1988

1989

1989
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Member, Expert Committee on Pathology/Toxicology and Expert
Committee on Short-Term Testing, International Life Sciences Institute.

Assessor, National Health and Medical Research Council Panel of
Independent Assessors, National Health and Medical Research Council,
Commonwealth of Australia.

Member, Committee on the Carcinogenicity of Cyclamates, Food and
Nutrition Board, Commission on Life Sciences, National Research
Council.

Member, Task Group of DNA Repair, Subcommittee on Genetic
Toxicology, American Society for Testing and Materials.

Member, Toxicology Study Section, National Institutes of Health.

- Vice-Chairman, Working Group on the Evaluation of the Carcinogenic Risk of

Chemicals to Humans: Some Naturally Occurring Substances, Food Additives
and Amino Acid Pyrolysates in Food, International Agency for Research on
Cancer.

Member, Awards Committee, Society of Toxicology.

Member, Working Group on the Evaluation of the Carcinogenic Risk of

Chemicals to Humans: Genetic and Related Effects: An Updating of Selected -

IARC Monographs from Volumes 1 to 42, International Agency for Research on
Cancer. '

Member, Working Group on the Evaluation of the Carcinogenic Risk of
Chemicals to Humans: Overall Evaluations of Carcinogenicity: An

Updating of IARC Monographs Volumes 1 to 42, International Agency

for Research on Cancer. |

Participant, Tox-90s Conference, Society of Toxicology.

Organizing Committee, Workshop on the Effects of pesticides on Human Health,
Task Force on Environmental Cancer and Heart and Lung Disease.

Chairman, Working Group and Chairman, Subgroup on Animal



1989
1989

1990-present

1991
1992-1993

1993-1999

1993-present

1993-1999

1993-1999

1993-present
1995-1998

1995-1997

Carcinogenicity, Working Group on Evaluation of Carcinogenic Risk of
Chemicals to Humans: Some Pharmaceutical Drugs, Intemational
Agency for Research on Cancer.

Participant and Member of Editorial Board, Workshop on Complex
Mixtures and Cancer Risk, International Agency for Research and
Cancer.

Participant, Working Group on Short-Term In Vitro and In Vivo Tests,
Workshop on Research to Improve Predictions of Long-Term Chemical
Toxicity, National Research Council.

Member, Committee of Education on Toxicologic Pathology, International
Federation of Societies of Toxicologic Pathologists.

Member, Working Group on Approaches to Classifying Carcinogens
According to Mechanisms of Action, International Agency for Research
on Cancer.

Member, Expert Panel on Interpretive Review of the Potential Adverse
Effects of Chlorinated Organic Chemicals on Human Health and the
Environment, CanTox, Inc.

Member, Committee on Evaluation of the Research Program "Cancer
Risk Factors and Prevention," German Cancer Center.

Member, Board of Trustees, International Life Sciences Institute, Health
and Environmental Sciences Institute. Chair, Membership Development
Committee, 2002.

Member, Cellular Telephone Advisory Committee, Harvard Center for
Risk Analysis, Harvard School of Public Health.
Wireless Technology Research Peer Review Board.

Member, Subcommittee on Carcinogenicity, International Federation of
Societies of Toxicologic Pathologists.

Member, International Committee on Wireless Communication Health
Research ICWCHR).

Member, Committee on Research Opportunities and Priorities for ERA, L
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1996

1996

1996-1997

1997

1998

1999-present

1999

2000

2001

2001-present

2002

000079
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Commission on Geosciences, Environment, and Resources,
National Research Council.

Reviewer, U.S. Environmental Protection.Agency (EPA), PCBs: Cancer
Dose-Response Assessment and Application to Environmental Mixtures.

Participant, Developmental Planning for Office of Dietary Supplements
(ODS), National Institutes of Health.

Member, Advisory Board to the Calcium Channel Blockers/Cancer
Study, Boston University School of Medicine, Slone Epidemiology Unit.

Member, Working Group on Short/Medium Term Carcinogenicity Tests
and Genetic and Related Effects. International Agency for Research on
Cancer.

Member, Working Group - Re-evaluation of Some Industrial Chemicals.
International Agency for Research on Cancer.

Member, Subcommittee on Upper Limits, Committee on Reference Levels of
Nutrients; National Academy of Sciences, Institute of Medicine.

Member, Working Group on Predictive Value of Gastric Neuroendocrine
Tumours and Forestomach Tumours in Rodents for Carcinogenic Hazard
Identification. Co- Chairperson, Forestomach Tumors. International Agency for
Research on Cancer.

Member and Report Coordinator, Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA) Scientific Advisory Panel. U.S.
Environmental Protection Agency.

Reviewer, Office of Dietary Supplements, National Institutes of
Health. Annual Bibliography of Significant Advances in Dietary =~ Supplement
Research - 2000. ‘

Member, Accreditation Committee, International Academy of
Toxicologic Pathology.

Peer Review Member, U.S. Environmental Protection Agency "Perchlorate
Environmental Contamination: Toxicological Review and Risk
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Assessment.”

WHO Temporary Adviser, 59th Meeting of the Joint Expert Committee on

Food Additives (JECFA).
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